There are several peculiar long-period dwarf-nova like objects, which show rare, low-amplitude outbursts with highly ionized emission lines. 1SWASP J162117+441254, BD Pav, and V364 Lib belong to this kind of objects. Some researchers even doubt whether 1SWASP J1621 and V364 Lib have the same nature as normal dwarf novae. We studied the peculiar outbursts in these three objects via our optical photometry and spectroscopy, and performed numerical modeling of their orbital variations to investigate their properties. We found that their outbursts lasted for a long interval (a few tens of days), and that slow rises in brightness were commonly observed during the early stage of their outbursts. Our analyses and numerical modeling suggest that 1SWASP J1621 has a very high inclination, close to 90 deg, plus a faint hot spot. Although BD Pav seems to have a slightly lower inclination (∼75 deg), the other properties are similar to those in 1SWASP J1621. On the other hand, V364 Lib appears to have a massive white dwarf, a hot companion star, and a low inclination (∼35 deg). In addition, these three objects possibly have low transfer rate and/or large disks originating from the long orbital periods. We find that these properties of the three objects can explain their infrequent and low-amplitude outbursts within the context of the disk instability model in normal dwarf novae without strong magnetic field. In addition, we suggest that the highly-ionized emission lines in outburst are observed due to a high inclination and/or a massive white dwarf. More instances of this class of object may be unrecognized, since their unremarkable outbursts can be easily overlooked.
Introduction
Statistical studies on dwarf novae show many dwarf novae having long orbital periods (more than 3 hours) go through outbursts with typical amplitudes of 2-5 mag, and that the intervals between their outbursts are usually less than 1 year (see Warner 1995 for a review). It is widely accepted that dwarf novae showing low outburst amplitudes undergo outbursts more frequently (Warner 1987) . A very low-amplitude and rare outburst was, however, discovered for the first time in a dwarf-nova like object, ASAS 150946−2147.7 = V364 Lib, (Pojmanski et al. 2009 ). This object has a long orbital period of 16.86 hours, and enters its outbursts with amplitudes of ∼1 mag every few years (Wils 2011; vsnet-alert 14271; vsnet-alert 20877) . In addition, highly ionized emission lines (He II 4686 and C III/N III) were detected in the 2009 outburst. Although this led Kinugasa et al. (2009) to propose that this system is a black-hole binary, Uemura et al. (2009) reported that the X-ray luminosity during the outburst was comparable to the quiescent X-ray luminosity of black-hole binaries. Thus this object contradicts the general rule of dwarf novae, and the origin of the peculiar outburst and highly ionized emission lines remains a mystery.
On June 3.45, 2016 (UT), a small-amplitude and very rare outburst was discovered in another object by Catalina RealTime Transient Survey (CRTS) (Drake et al. 2016; Drake et al. 2014a ). Its name is 1SWASP J162117+441254 (hereafter 1SWASP J1621), and this object also has a long orbital period of 4.99 hours (Lohr et al. 2013a ). The outburst amplitude was ∼2 mag and only one outburst was detected over ten years before the 2016 outburst in this system (Kjurkchieva et al. 2017) . The strong He II 4686 emission line observed in the outburst was similar to that in the 2009 outburst of V364 Lib (Scaringi et al. 2016 ). Moreover, this object had been previously identified as a W UMa-type system on the basis of SDSS colors and double-waved orbital variations in quiescence (Palaversa et al. 2013; Lohr et al. 2013b; Drake et al. 2014b) ; hence, the 2016 outburst was expected to be the onset of a merger of two mainsequence (MS) stars, which was reminiscent of the 2008 eruption in V1309 Sco. Scaringi et al. (2016) , however, confirmed by their spectroscopic observations that this outburst occurred in an accreting compact binary rather than a MS+MS merger. In addition, this system showed much deeper eclipses in outburst than in quiescence (Zejda, Pejcha 2016; Kjurkchieva et al. 2017; Zola et al. 2017; Sec. 3 .1 in this paper). This phenomenon made us notice the similarity between this object and the almost forgotten dwarf nova BD Pav, which has an orbital period of 4.3 hours (Barwig, Schoembs 1983) . BD Pav has also shown relatively low-amplitude and rare outbursts, and the He II 4686 emission line was observed in its 1985 outburst. The emission line was not clearly double-peaked, in spite of the deep eclipses in outburst suggesting its high inclination (Barwig, Schoembs 1987) .
Recently, the two objects GY Hya and V1129 Cen, which showed outbursts, spectra, and orbital variability similar to those in 1SWASP J1621, BD Pav and V364 Lib, have been studied (Bruch, Monard 2017; Bruch 2017) . In addition, HS 0218+3229 (hereafter HS 0218) shows rare outbursts and has a long orbital period, although the outburst amplitude is not so small, ∼4 mag in the V band (Golysheva et al. 2012; Golysheva et al. 2013; Katysheva et al. 2015) , and it was pointed out that this object is similar to 1SWASP J1621 (Katysheva et al. 2017) . Thus this kind of object recently has started to attract attention, but there is not yet any coherent explanation to produce its peculiar outburst and spectral behavior. Moreover, some of these objects were not clearly identified with normal dwarf novae, and it is even doubted whether the disk instability model, which is believed to be the most plausible model of outbursts in non-magnetic dwarf novae (Osaki 1996 for a review), can explain the outbursts in this kind of object. For example, Dr. Breedt claims that 1SWASP J1621 has a hot companion star (Waagen 2017) . Although this assumption would be true in V1129 Cen according to Bruch (2017) , it is not consistent with the spectroscopic observations of 1SWASP J1621 and BD Pav (Thorstensen 2016; Sion et al. 2008; Friend et al. 1990 ). In addition, Qian et al. (2017) even argued that the eruption in 1SWASP J1621 was not a dwarf-nova outburst. They considered the accretion disk is barely formed due to the strong magnetic activity of the companion star in this system, and that a sudden increase of mass transfer from the companion causes the eruption. We therefore aimed to investigate the nature of 1SWASP J1621, BD Pav, and V364 Lib, and to examine by analyzing our photometric and spectroscopic observational data and modeling their orbital variations, whether some special feature which is not presented in normal dwarf novae is necessary to explain their peculiar outbursts.
The plan of this paper is as follows: the data reduction and techniques of analyses are described in Sec. 2. We present our optical photometry of 1SWASP J1621, BD Pav, and V364 Lib in Sec. 3, and optical spectroscopy of V364 Lib in Sec. 4. In addition, we perform numerical modeling to explain the orbital variations in Sec. 5. In Sec. 6, we discuss our results, and in Sec. 7, our conclusions are summarized.
Observation and Analysis

Photometry
Time-resolved CCD photometry was carried out by the VSNET collaboration team. The telescopes and sites are summarized in Table E1. Tables E2, E3 , E4 show the logs of photometric observations of 1SWASP J1621, BD Pav, and V364 Lib, respectively. We also used the data downloaded from the AAVSO archive 1 , the ASAS-3 data archive (Pojmanski, Maciejewski 2004 ) and the ASAS-SN data archive (Davis et al. 2015) . All of the observation times were converted to barycentric Julian date (BJD). Before making the analyses, we applied zero-point corrections to each observer by adding constants as for 1SWASP J1621 and V364 Lib. We did not do that as for BD Pav, since all of the observations were performed by one observer. The magnitude scales of each site were adjusted to that of the Crimean Observatory system (CRI in As for V364 Lib, we adjusted the magnitude of our observational data to that of the ASAS data, assuming the magnitude in a clear filter is almost the same as that in the V band. The exposure times of the observations by the VSNET team were 30-300 s as for 1SWASP J1621 and V364 Lib, and 30 s as for BD Pav.
Period Analyses
We used the phase dispersion minimization (PDM) method (Stellingwerf 1978) for period analyses. We subtracted the global trend of the light curve by locally weighted polynomial regression (LOWESS : Cleveland 1979) before performing the PDM analysis. The 1σ error of the best estimated period by the PDM analysis was determined by the methods in Fernie (1989) and Kato et al. (2010) . A variety of bootstraps was used for estimating the robustness of the result of PDM. We analyzed about 100 samples which randomly contain 50% of observations, and performed a PDM analysis for these samples.
Spectroscopy
Our spectroscopic observations of V364 Lib were carried out by using the Gunma Astronomical Observatory's 1.5-m telescope equipped with Gunma LOW resolution Spectrograph and imager (GLOWS) in the 2009 outburst and using the High Dispersion Spectrograph (HDS: Noguchi et al. 2002) attached to the 8.2-m Subaru telescope of National Astronomical Observatory of Japan (NAOJ) in quiescence just after the outburst. The spectral coverage of the two spectrographs was about 4000-8000 and 3000-10000Å, respectively, and the spectroscopic resolutions (R = λ/∆λ) are 400-500 for GLOWS and 90,000 for HDS. Data reduction was conducted using IRAF determination, scattered light subtraction, spectral extraction, wavelength calibration, normalization by the continuum, and heliocentric radial-velocity correction). We measured the radial velocities of the object by fitting gaussians with the task SPLOT in IRAF. The observation dates, exposure times, and observatories are summarized in Table E5 . The estimated radial velocities are given in Tables E6 and E7 .
Photometric Light Curves
1SWASP J1621
In the 2016 outburst, the amplitude of its outburst was relatively small, ∼2 mag. The duration of the outburst was probably about two weeks, and the brightness rose slowly in the early stage of the event. The overall optical light curve of the 2016 outburst in 1SWASP J1621 with a clear filter is displayed in figure 1 . This system showed deep eclipsing variations on its light curve. As this system was fading, the primary minima became shallower and the secondary minima became deeper. We display in figure 2 the nightly averaged phase profiles in a clear filter during the fading stage in the outburst. This system showed W UMa-type orbital variations with amplitudes of ∼0.6 mag in quiescence and deep primary minima in outburst. The phase-averaged profiles around the outburst maximum and in quiescence during BJD 2457552-2457559 in the RC, V , and B bands are exhibited in figure 3 . The profile around the outburst maximum was derived from the multi-color observational data obtained by Mic during BJD 2457542.8-2457546.8 (see the annotations in Table  E2 ), which include 3 cycles of the eclipses. When folding the outburst light curve, we subtracted the long-term trend by using locally weighted polynomial regression (LOWESS : Cleveland 1979) after removing the part of the phase representing the deep eclipse. The derived outburst amplitude is ∼1 mag in the RC band from the phase-averaged light curves. During the outburst, we observed colors of V − R ∼ 0.4 mag and B − V ∼ 0.1 mag outside eclipses; in quiescence, those colors were V − R ∼ 0.6 mag and B − V ∼ 1.0 mag. In the B band, the flux of the maxima around phase 0.25 was a little lower than that of the maxima around phase 0.75.
BD Pav
We performed the optical photometry of the 2006 outburst of BD Pav in the past. The outburst amplitude was ∼2.5 mag. The overall light curve of this outburst is shown in figure 4 . In addition, we confirmed the deep primary minima in this outburst similar to those in the 2016 outburst of 1SWASP J1621. In figure 5, we show the phase-averaged profiles both in the 2006 outburst and in quiescence. In folding the outburst light curve, we subtracted the long-term trend using the same method described for 1SWASP J1621. We can see that this object showed the much deeper primary minima in the outburst than in quiescence and that double-waved orbital modulations with amplitudes of ∼0.3 mag were observed in quiescence. The main characteristics of these eclipsing profiles are consistent with the results in Figures 2 and 3 in Barwig, Schoembs (1987) . Although the rising phase in the 2006 outburst was not observed in our pho- tometry, many other outbursts in BD Pav showed slow rises. We show measurements in the V band by ASAS during the recent 2015 and 2017 outbursts in figure 6 as examples.
V364 Lib
We carried out the optical photometry of the 2009 outburst of V364 Lib in the past. The duration was about 35 days and the outburst amplitude was ∼1 mag. A slow rise during the early stage of the outburst was observed, as in the outbursts of 1SWASP J1621 and BD Pav. Its overall light curve is displayed in figure 7 . Small-amplitude (∼0.07 mag) and double-waved orbital variations were detected in quiescence, as displayed in figure 8 . In outburst, these orbital variations were expected to be observed with an amplitude of ∼0.025 mag; however they were not detected due to other small-amplitude variations on time scales of ∼0.1 d, which are shorter than the orbital period (and below the limits of our precision). A part of the variations in outburst is displayed in figure 9 . 
Spectroscopy in V36Lib
We with the spectrum in quiescence for comparison. In quiescence, the contribution of the companion star was dominant in the optical spectra. The companion star was determined to be an F-type star with surface temperature between 6,500 K and 6,750 K by comparing the observational spectra with the synthetic spectra which are computed with a synthetic stellar atmosphere interpolated from the Castelli, Kurucz (2004) grid 4 . An example of optical spectra in quiescence is given in figure 11 with some synthetic spectra. We deduced that the central compact object in this system is a white dwarf as follows. The estimated value of the radial velocity of the companion star (K2), using the average value of Hβ and Mg absorption lines in quiescence, was 74.1±1.3 km/s (see figure 12 ). Although the error was somewhat large, the derived value of the radial velocity of the central compact object (K1) from the He II emission line in the outburst state was 107.8±12.6 km/s (see figure 13 ). We then assumed that the systemic velocity is the same as that in quiescence, and that the orbital period is 0.7024293 d. Thus the mass ratio (q ≡ M2/M1) 5 was estimated to be 1.5 ± 0.2. The surface temperature of the companion suggests that its mass is close to 1.4 M⊙ (Allen 1973) , and hence, the mass of the compact object was estimated to be 1.0 ± 0.2M⊙ from the mass ratio. This value and the faint X-ray luminosity during outburst (Uemura et al. 2009 ) indicate that the compact object in this system should be a white dwarf. In addition, the inclination angle was estimated to be ∼35 deg from the equation
, using the estimated values of K2, mass ratio, and mass of the primary, which is consistent with a v sin i value of 85 km/s estimated from the absorption lines in quiescence. 
Numerical Modeling of Orbital Variations
Premises
As described in the introduction, the observational W UMa-type orbital variations in quiescence are sometimes ascribed to their hot companions in 1SWASP J1621 and BD Pav (Waagen 2017; Barwig, Schoembs 1983 ), but there is evidence that 1SWASP J1621 and BD Pav have cool companion stars (Thorstensen 2016; Sion et al. 2008; Friend et al. 1990 ). In addition, our spectral analyses in Sec. 4 suggest that V364 Lib has a hot companion star and a low inclination. We thus wondered if the double-waved modulations in quiescence and the outburst amplitudes are explained without hot companions as for 1SWASP J1621 and BD Pav, and with the nature suggested by our results in Sec. 4 in V364 Lib, via the modeling of the orbital phase profiles. Since we have the RC, V , and B-band phase profiles in outburst (see figure 3 ) in 1SWASP J1621, we considered reproducing their characteristics in this object.
Before presenting our modeling, we summarize the information derived from our observations. According to Horne (1985) , the width of the eclipse of a white dwarf is determined by the mass ratio and inclination of its system. The width is approximately estimated as the width of eclipse at half depth if the disk is axisymmetric. Regarding the inflection phases in outburst in the RC-band profile for 1SWASP J1621 and in the clear-filter profile for BD Pav as the ends of eclipses, the rough estimates of the width of eclipse of the white dwarf are ∼0.10 in 1SWASP J1621 and ∼0.06 in BD Pav, respectively. Substituting the half values of them and the values of mass ratios to equation (3) in Horne et al. (1982) , which represents the relation between the inclination, mass ratio, and width of eclipse of a white dwarf, we obtain inclinations of ∼87-deg in 1SWASP J1621 and ∼75-deg in BD Pav, respectively. These values are consistent with those extracted by Kjurkchieva et al. (2017) ; Zola et al. (2017); Friend et al. (1990) ; Sion et al. (2008) . In addition, the almost symmetric phase-averaged profiles around the primary minima in these two objects seem to imply a dim hot spot (see figures 3 and 5).
Method
Code
We used the numerical code which is described in detail by Hachisu, Kato (2001) , Hachisu, Kato (2003a) , and Hachisu, Kato (2003b) . In this code, the companion star fills its Roche lobe and a circular orbit is assumed. The surfaces of the white dwarf, companion star, and accretion disk are divided into patches, and each patch emits photons by black body radiation at the local temperature. The patches of the disk and companion are irradiated by the front-side patches of the white dwarf if there is no patch between them. The non-irradiated surface temperature is determined by viscous heating of the standard disk model (Shakura, Sunyaev 1973) . The total luminosity of the binary system is calculated by summing up the luminosity from all visible patches. The surface patch elements are 32×64 (θ × φ) for the companion, 32×64 (θ × φ× up and down side) for the accretion disk, and 16×32 for the white dwarf.
Parameters
Using the code described in Sec. 5.2.1, we computed eclipsing light variations with various test parameters: the inclination angle, temperature distribution, height and radius of the accretion disk. Inclinations were varied over ranges of 84-90 deg, 72-78 deg, and 30-40 deg by steps of 1 deg for 1SWASP J1621 and BD Pav, V364 Lib, respectively, by considering the estimation in Sec. 4 and Sec. 5.1. Tested disk radii were 0.5, 0.6, 0.7, 0.8, 0.9 RL1. Here, RL1 is defined as RL1 = a/(1.0015
where a is the binary separation (equation (2.4c) in Warner 1995). We gave the temperature distribution of the accretion disk in outburst, postulating that the disk is steady at the outburst maximum (Wood et al. 1986) as follows:
Here, r, rin, G, M ,Ṁ and σ represent the distance from the central object to a given ring of the disk, inner disk radius, constant of gravitation, mass of the primary star, mass accretion rate at a given radius, and Stefan-Boltzmann constant, respectively (Shakura, Sunyaev 1973) , andṀ is different from the masstransfer rate from a companion star. The value of rin is set to 0.02 in units of the binary separation. The α-value is also fixed to be 0.1. The critical value ofṀ at a given radius, at which the disk returns in quiescence, depends on the radius in the accretion disk (equation (39) in Hameury et al. 1998) , and the mass accretion rate in outburst would become large in long orbital period systems. We set values ofṀ as 2 × 10 −9 , 3 × 10 −9 , 4 × 10 −9 , 5 × 10 −9 , 6 × 10 −9 M⊙ yr −1 for 1SWASP J1621 and BD Pav 6 and 6 × 10
Lib, considering their orbital period. Also, we assumed the flat temperature distribution of a disk in quiescence (3,000 or 3,500 or 4,000 or 4,500K), referring to Wood et al. (1986) . On the basis of the assumption of the steady state, we set the thickness of accretion disk in outburst as follows:
where H,Ṁ16 and r10 represent the height of the disk,Ṁ /10 16 g s −1 and r/10 10 cm, respectively (Shakura, Sunyaev 1973) .
On the other hand, we assumed that the disk is flat in quiescence for simplicity. The tested parameters of the height of the disk were 0.003, 0.005, 0.007, 0.009 in units of the binary separation. The masses of the primary and the companion are fixed. We used the values in Table 1 . The radii of the white dwarfs in 1SWASP J1621, BD Pav, and V364 Lib are estimated to be 0.009, 0.008, and 0.008 R⊙, respectively (Nauenberg 1972) . We assumed that the temperature of the companion star is 4,300 K for 1SWASP J1621, 3,500 K for BD Pav, and 6,600 K for V364 Lib, considering the spectral types of the companions (Allen 1973 ) and the reasoning in Sec. 4. The temperature of the white dwarfs is fixed to 20,000 K. In addition, we need to set the distance from Earth to the object in order to determine the apparent magnitude.
Limitation of Our Model and How to Determine the
Best Model Parameters Our modeling deals with only the emission from optically-thick regions and assumes a simple geometry, an axisymmetric disk, no hot spot and no hot corona. The hot spot is located near the disk edge, and an optically-thin hot corona expanding around the disk is produced by the evaporation of the inner disk at low accretion rate. These components, which are missing from our models, have high temperature ranging between ∼5,000-20,000 K (Liu et al. 1995; Stanishev et al. 2001) . In quiescence and/or in high inclination systems, therefore, these opticallythin hot regions are likely dominant, and hence, our models have some difficulties reproducing the observations, especially in the B band. In other words, the observations in outburst in the RC band are expected to be reproduced more easily in our models than those at shorter wavelengths. In addition, we assume that the distribution of the disk temperature in outburst follows that in the steady state, but the real distribution may not. The lack of a hot spot, simple disk geometry, and simple distribution of the disk temperature in the models are also raised in Zola et al. (2017) as the factors responsible for not completely 6 IfṀ is less than 1 × 10 −9 M⊙ yr −1 , the outer disk cannot be in the outburst state (equation (39) in Hameury et al. 1998) .
explaining the observations.
On the basis of the limitations described in the previous paragraph, we gave priority to reproducing the RC-band phaseaveraged profile when determining the best models of 1SWASP J1621. In addition, we note that the inclination must have the same value in outburst and quiescence. We thus chose the best models as for 1SWASP J1621 in the following way.
1. We estimated at first each χ 2 value between the observational and calculated orbital phases in the outburst state with various tested parameters specified in Sec. 5.2.2, and determined the best model in that state by the minimum χ 2 estimations in the RC band. 2. With the inclination fixed to its value in the best model in outburst, we estimated each χ 2 value between the observational and calculated orbital phases in quiescence. We determined the best model by the minimum χ 2 estimations in the
As for BD Pav and V364 Lib, we chose the best model in quiescence by the minimum χ 2 values between the observed V -band phase-averaged profile and the calculated V -band one. In addition, we chose the best mass accretion rate, which can best reproduce the outburst amplitude in the V band, with the disk radius and inclination fixed as the best-fit parameters in quiescence.
It is difficult to employ sophisticated methods to calculate error bars due to the long computational times; therefore, we estimated the model profiles with the rough grids described in Sec. 5.2.2, and determined the 90% confidence intervals as the range in which ∆χ 2 from the minimum χ 2 is within 2.706, by computing the models in the finer grids than those described in Sec. 5.2.2. Since accurate constraints of the inclination and disk height in quiescence is beyond our current goals for 1SWASP J1621 and BD Pav, we fixed the inclination to the value which produces the minimum χ 2 in these two objects. Additionally, it is difficult to restrict the ranges of the parameters which are related to the accretion disk in V364 Lib because of the bright companion; hence, we only provided an error bar for the inclination.
Results
Our modeling suggests the inclination is close to 90 deg in 1SWASP J1621 (see Table 2 ). The best-fit models are displayed in figure 14 . The very high inclination has been already noticed by Kjurkchieva et al. (2017) and Zola et al. (2017) . Our models do not accurately fit the phase profiles in quiescence and in the V and B bands in outburst, but they do reproduce the main characteristics of quiescent double-waved modulations without a hot companion. The models in Kjurkchieva et al. (2017) and Zola et al. (2017) for 1SWASP J1621 also did not reproduce the observations in all of the bands. Although our model includes 44 1938, 1985, 1996, 1997, 1998, 2000, 2006, 2015, 2017 4-10 more reasonable thicknesses of disks and temperature distributions of quiescent disks, compared to their models, it still had difficulty reproducing the quiescent profiles. This would be due to the limitations of our modeling, which are described in the first paragraph in Sec. 5.2.3. In particular, our model does not include any optically-thin region which is observable in highinclination systems and in quiescence. In addition, a hot spot would be dominant around the phase 0.75 in the B band. Also, the calculated depth of the eclipse in the B band in outburst is ∼0.5-mag deeper than the observed one. Moreover, the calculated B − V color is larger by ∼0.1 mag, and the calculated V − R color was smaller by ∼0.15 mag than the observed one. Some fine-tuning of the disk temperature and structure may help to reproduce completely the observational depth of the eclipse and colors, but this is beyond our purpose. Since this system seems to have a very high inclination, there is a possibility that a flared disk structure may contribute to the emission. If the inclination is close to 90 deg, the hot white dwarf and the inner disk are hidden by the outer disk, as shown in the upper panel of figure 17 . In this case, the radiation from the hot white dwarf and the innermost region of the disk hardly contributes the overall emission from the object. This situation will easily produce the shallow primary minima in quiescence.
As for BD Pav, the inclination seems to be close to 75 deg (see Table 2 ), which is consistent with previous studies (Sion et al. 2008; Friend et al. 1990 ) and the estimation in Sec. 5.1. Since our modeling does not explain the observations well enough to estimate error bars, we just provide the best model parameter in the rough grids. The reasons why our model does not completely reproduce the observations are the limitations described in Sec. 5.2.3; in addition, our sparse profile may make it difficult to recognize the eclipse of the white dwarf in this object. The best-fit model in quiescence which is given in figure 15 , however, reproduces the W UMa-like orbital modulations without a hot companion as in 1SWASP J1621. The mass accretion rate to reproduce the outburst amplitude is in the range expected by the disk-instability model. In addition, according to Barwig, Schoembs (1987) , the B − V colors in the outburst and quiescent states are ∼0.1 and ∼0.6 mag, and the V − R colors in the outburst and quiescent states are ∼0.0 and ∼0.5 mag, respectively; our modeling reproduces well the V − R colors. Although the calculated B − V color in quiescence was ∼0.6 mag larger than the observational one, the reported colors in Barwig, Schoembs (1987) were measured at the end of the outburst. Some time after the outburst, the B − V color might become large as the disk becomes cool. Though the grazing eclipses in the systems having ∼70-deg inclinations are characterized by deep primary minima in quiescence as in U Gem (chapter 2.4.3 in Hellier 2001) due to bright hot spots, the eclipse in BD Pav does not agree with this behavior. This would be because of the dim hot spot as suggested in Sec. 5.1. If the inclination is 75 deg, the white dwarf is barely eclipsed (see also the middle panel of figure 17 ).
As for V364 Lib, we confirmed that the ellipsoidal variations of the hot companion are dominant in quiescence, and that the inclination is low (see Table 2 ). The estimated inclination is consistent with that in Sec. 4. The best-fit model is shown in figure 16 . The accretion disk is not eclipsed, but the ellipsoidal variations are observable due to the hot companion star (see the lower panel of figure 17 ). As for the outburst state, the value ofṀ is chosen to reproduce the outburst amplitude. TheṀ value much larger than those in the other two objects seem to originate from its long orbital period. The critical value ofṀ at which the transition from the hot branch to the cool branch on the thermal equilibrium curve is triggered, is approximately proportional to r 2.7 (Hameury et al. 1998) 7 . If the hot state extends to the outer disk in its outbursts, the mass accretion rate in outburst is likely much higher than those in shorter-period dwarf novae, in spite of our rough estimations. We also confirmed very weak ellipsoidal variations with amplitudes of less than 0.03 mag via the model with the parameters given in Table 2; 7 Here, r is the same one as defined in Sec. 5.2.2. this is consistent with our observations. The reason for the lack of prominent ellipsoidal variations in outburst is that the disk becomes much brighter in the outburst than that in quiescence. We consider that the bright disk in outburst reduces the relative contribution of the ellipsoidal variations of its companion star, and that some variations hidden by the bright companion during quiescence become visible in outburst. In addition, the outburst amplitude is reproduced with the parameter in Table  2 and our calculated colors were almost identical. In the systems having a high-temperature companion, its contribution dominates the whole emission from the dwarf nova. If these systems have high inclinations, the eclipses of companions may become deeper than those of the disks and white dwarfs in quiescence, and the eclipses of disks and white dwarfs are prominent in outburst. These are inconsistent with the observations of V364 Lib. 
Discussion
Nature of the Three Objects and Their Low-Amplitude Outbursts
Although 1SWASP J1621, BD Pav, and V364 Lib show similar outburst behavior, their natures are not necessary the same. As mentioned in the introduction, some people consider 1SWASP J1621 to have an unusually hotter companion star than normal K or M-type companions in dwarf novae (see Figure 2 .45 in Warner 1995) according to Waagen (2017) , but our results show that the characteristics of the orbital phase profiles of 1SWASP J1621 can be explained by its very high inclination and faint hot spot, without a hot companion star. This condition is similar to that in BD Pav. On the other hand, for V364 Lib, our results support that this system has a low inclination and an F-type hot companion star, which is expected to be bright (large) by the long orbital period and the large mass ratio (see also Sec. 4).
Their properties are likely relevant to their small-amplitude (∼1-2 mag) outbursts (see Sec. 3). In the cases of 1SWASP J1621 and BD Pav, the critical conditions are their high inclinations and inside-out outbursts. In high-inclination systems, the observable disk surface is small. In addition, if a system has a very high inclination, as in 1SWASP J1621, the hot inner region of the accretion disk is hidden by the outer disk located along the line of sight. Although the inner disk becomes bright in the outburst state, it cannot be observed. The inside-out outbursts expected from the slow-rise shapes of the outbursts (see Sec. 3) would be another key factor of the low-amplitude outbursts. The outburst amplitudes of inside-out outbursts are often smaller than those of outside-in outbursts, since the slowly propagating heating front prevents the whole disk from entering the hot state (Smak 1984; Cannizzo et al. 1986 ). On the other hand, in V364 Lib, its hot companion star is the main factor in its low-amplitude outbursts, though inside-out outbursts may also contribute to the small outburst amplitudes. If the companion is unusually hot and big, its contribution to the whole brightness is large at optical wavelengths. The change of the disk brightness between the quiescence and outburst states would be unremarkable at optical wavelengths even if the total luminosity emitted from the disk is high in outburst. We suggest that astronomical surveys might easily overlook such a low-amplitude outburst.
Mass-Transfer Bursts ?
We believe that the outbursts in the three objects are explained well by the disk-instability model. Qian et al. (2017) claimed the mass transfer ceases because of the star spot on the surface of the companion star, which is located at the L1 point in quiescence, and the outbursts are caused by an abrupt mass transfer because of the expanding companion in 1SWASP J1621. However, our results show the existence of the large accretion disk in the outburst state in this object, and this is inconsistent with their argument. If a lot of matter is transferred to the primary side at the onset of the outburst, the radius of the accretion disk becomes close to the Lubow-Shu radius (Lubow, Shu 1975) , which is approximately expressed by 0.0859q −0.426 in units of the binary separation (Hessman, Hopp 1990) , because of the conservation of angular momentum (Ichikawa, Osaki 1992 ). This value is much smaller than the estimated disk size in our modeling. When a small disk is occulted by the companion, the shape of the bottom of primary minima becomes flat, and this phenomenon disagrees with the morphology of the phase profiles observed in the outburst state. In addition, continuous accretion during quiescence may help to build a large disk in outburst by removing matter with small specific angular momentum. Zola et al. (2017) also concluded that their modeling of the eclipsing profile in quiescence suggests a white dwarf plus a large accretion disk, and it is consistent with our results Temperature of a disk in quiescence in Kelvin. # Thickness of a disk in units of its binary separation. in Sec. 5.3. Their results, and ours, argue against the halting of mass transfer in quiescence, which is a key element in Qian et al. (2017) . Therefore, there is no need for introducing mass transfer bursts to explain the outbursts in this kind of object. Qian et al. (2017) proposed their interpretation based in part on the observations of Pavlenko et al. (2016) , but the short-term periodic variations reported in this reference were not confirmed in our observations. Actually, there are some contradictions between the observations and the discussion in Qian et al. (2017) . For example, they considered that only the eclipse of the white dwarf was observed in quiescence, but the width of the eclipse that they regard as the ingress of the white dwarf, about 0.007 d, indicates that the eclipsed object must have a width of more than 10 times of the radius of a 0.9-M⊙ white dwarf. 8 In addition, the depth of the eclipse, about 0.2 mag, is not consistent with the eclipse of a white dwarf. If the temperature of the white dwarf is 20,000 K, the contribution of the white dwarf to the brightness of the entire system is about 10 %. The depth would then be less than 0.1 mag in their observations. Since they consider that accretion onto the white dwarf is stopped during quiescence, the white dwarf should have a low-temperature in their discussion. If the temperature of the white dwarf is only 10,000 K, the depth of eclipses would be less than 0.01 mag. Moreover, they insisted no lasting disk in this object. If the contribution of the disk is very weak and the disk size is small in outburst, the flux at the primary minima in outburst would be the same as those in quiescence; however, this is inconsistent with figure 3 in Qian et al. (2017) .
Infrequent, Long-lasting and Inside-out Outbursts
Though we may overlook the outbursts due to their small amplitudes, the frequency of the outbursts in these systems is relatively low in comparison with many other dwarf novae above the period gap (see also Table 1) , and their outburst durations are relatively long. We discuss below the origin of the infrequent, long-lasting, and inside-out outbursts.
As for the origin of the infrequent outbursts in 1SWASP J1621 and BD Pav, we consider that it is attributed to low masstransfer rates. This is because 1SWASP J1621 and BD Pav have clearly longer outburst intervals than many other dwarf novae having 4-5 hours orbital periods. In addition, the almost symmetrical profiles with respect to the primary minima in these two objects (see figures 3 and 5) suggest that the hot spots are faint. This implies that the mass transfer rate is low, since the brightness of a hot spot depends on it. On the other hand, the origin of the infrequent outbursts in V364 Lib would not be necessarily low mass transfer rate. We suspect its long orbital period is related to the origin. This is because it would take much time to form a dense disk enough to trigger outbursts in V364 Lib due to its long orbital period which means a large value of RL1. The relation between long outburst intervals and long orbital periods in several dwarf novae has been pointed out in Bruch (2017) , and we show it in figure 18.
9 For instance, compared with an typical dwarf nova having an orbital period of 4 hours, a mass ratio of 0.45 and outburst intervals of 30-100 days, V364 Lib has an RL1-value about 2.6 times larger. If the 8 The width of the ingress of the white dwarf is derived from the data in figure   2 in Qian et al. (2017) . 9 The values of outburst intervals in the long-period objects were derived from Menzies et al. (1986) ; Shears, Poyner (2009); Sekiguchi (1992) ; Bruch (2017) and see also figure E1 in the supplementary information of this paper. V1017 Sgr also has a very long orbital period, but we excluded it from the regression shown in figure 18 because it is clearly out of the trend.
transfer rate is almost equal to that in a typical dwarf nova, then the accretion disk in V364 Lib would accumulate ∼2.5-7-times more mass than that in a typical dwarf nova until an outburst is triggered. In other words, based on mass transfer in ordinary dwarf novae, we would expect V364 Lib to have an outburst interval of about 70-700 days, but this value seems to be shorter than the observational outburst intervals in V364 Lib. Actually, V364 Lib may not follow the linear relation between the orbital period and the logarithm of the outburst intervals in these systems, although all outbursts in this object might not be detected due to their small amplitudes. Since the above discussion is a simple approach, our estimation has some uncertainty. 10 We thus could not reject either of the long orbital period or the low mass-transfer rate as the origin of the infrequent outbursts in V364 Lib. The value ofṀ in Table 2 represents not the masstransfer rate but the accretion rate in outburst. The actual mass transfer rate should be smaller than that value. The inherent low-mass transfer rates and/or long orbital periods would naturally explain the characteristic long outburst durations and inside-out outbursts in the three objects within the context of the disk instability model. This is because a lot of mass is expected to accumulate in the disk and because the 10 For example, the mass transfer rate is likely larger in the systems having longer orbital periods so that the rate in this object might be about 4 times larger than that in an typical dwarf nova according to equations (38) and (39) in Hameury et al. (1998) . It is, however, possibly similar to the typical one, because this system enters inside-out outbursts. In addition, the structure and density profile in the disk would also affect the outburst intervals, and the expected intervals may become longer. mass would be easily diffused inward on viscous timescales in these conditions. Actually, the numerical simulations of the disk instability model showed that, in the dwarf nova GK Per having a very long orbital period, most of its outbursts are easily triggered at the inner disk, and that this behavior cannot be reproduced by mass-transfer bursts (Kim et al. 1992) . It is also consistent to the idea of the disk-instability model that the large stored disk mass before the onset of an outburst can be related to the long outburst durations. The slow rises of these outbursts, in addition to their small amplitudes, may also make it difficult to detect them. Long-lasting inside-out outbursts were commonly observed in V1129 Cen and HS 0218, which are similar to V364 Lib and 1SWASP J1621, respectively (Bruch 2017; Golysheva et al. 2012 ); Golysheva et al. (2012) have already pointed out that an inside-out outburst is expected from systems with low mass-transfer rates, which is considered to be associated with the almost symmetrical phase profiles, as in HS 0218.
The mechanism that causes lower mass-transfer rates in the three objects than those in many other dwarf novae above the period gap may be unclear. One plausible explanation is that the mass-transfer rate varies in the same system on much longer timescales than the interval between outbursts for some reason. For example, Shara et al. (1986) and Kovetz et al. (1988) proposed hibernation scenario. According to their proposition, during about a century after a nova eruption, the mass-transfer rate remains high due to the strong irradiation from the white dwarf, and thereafter, it decreases. V1213 Cen, a classical nova, revealed dwarf-nova outbursts 6 years before its eruption (Mróz et al. 2016) , and this phenomenon is understood as evidence of hibernation. The hibernation is, however, believed to occur only when the binary separation expands just after a nova eruption. On the basis of equations (14) and (21), which represent the relation between the variation of binary separation and the mass ratio in Shara et al. (1986) , it is doubtful whether the binary separation expands after a nova eruption in V364 Lib. 1SWASP J1621, BD Pav may be in hibernation, but V364 Lib may not.
Appearance of Highly Ionized Emission Lines
The He II 4686 emission line was observed in 1SWASP J1621, BD Pav, and V364 Lib during the outburst state (Scaringi et al. 2016; Barwig, Schoembs 1987; Sec. 4) . In addition, the C III/N III emission line was also observed in the outburst of V364 Lib. These highly ionized lines are barely detected in the outbursts of many dwarf novae. In the case of V364 Lib, a massive white dwarf is a natural consequence on the basis of its massive companion star (see Sec. 4). Since the primary star has degenerated earlier, the progenitor of the primary white dwarf would be more massive than a F-type companion star as for V364 Lib. For example, the relation between the final whitedwarf mass and the initial main-sequence mass given in Fig. 2 in Salaris et al. (2009) shows the white-dwarf mass can exceed 1M⊙ if the initial mass exceeds ∼6M⊙, and our observations do not deny the possibility that the initial mass of the primary exceeds ∼6M⊙. It is thus suggested that the primary white dwarf in this system is likely heavier than those in the CVs which do not have massive donor stars. In spite of the large uncertainty, our estimation in Sec. 4 implies the possibility that this object has a massive (more than 1M⊙) white dwarf. If the white dwarf is massive, the inner disk has a relatively high temperature. The massive white dwarf may be, therefore, the origin of the highly ionized emission lines in this system. We note that some dwarf novae having massive white dwarfs showed highly-ionized emission lines in outburst (e.g., Wilber et al. (2015) ; Wargau (1988) ; Morales-Rueda, Marsh (2002)). In addition, this type of line was detected in a recurrent nova having a massive white dwarf (Diaz et al. 2010 ).
On the other hand, the source to produce the He II emission line in outburst in normal dwarf novae having ∼0.8-M⊙ white dwarfs (Zorotovic et al. 2011 ) is unclear, but such a highly ionized emission line is sometimes observed in high inclination systems (e.g., Baba et al. 2002; Harlaftis et al. 1992 ). The He II emission line in 1SWASP J1621 and BD Pav may arise due to their high inclinations, although their relatively massive white dwarfs, heavier than ∼0.8-M⊙, may contribute to the line as in V364 Lib. This possibility is also notified by Zola et al. (2017) . In the high-inclination systems, the accretion disk is optically thick. Additionally, the He II emission line in the 1985 outburst of BD Pav showed a single-peaked profile according to figure 1 in Barwig, Schoembs (1987) , although our modeling and other works suggest the inclination of this system is ∼75 deg. The emission line from the accretion disk will have a clear doublepeaked shape due to its high inclination (Horne, Marsh 1986) . Thus the radiation is not likely to originate from a disk. Such a single-peaked He II emission line was also observed in outburst in HT Cas, another dwarf nova, and a disk wind is proposed as its possible origin (Murray, Chiang 1997) . In the outbursts of dwarf novae, the disk temperature becomes high as in novalike systems. The single-peaked emission lines whose origin is interpreted as the disk wind are often observed in nova-like systems (e.g., Baptista et al. 2002) , and hence, it would not be strange that the strong single-peaked emission lines are detected in some dwarf-nova outbursts. Additionally, an optically-thin disk wind may contribute to the phase profile in the B band.
Evolutionary Stage of V364 Lib
It seems to be strange at first glance that V364 Lib, whose mass ratio is likely more than 1 has low mass transfer rate. In a subclass of CVs which have a companion more massive than the primary white dwarf, if the companion star completely fills with its Roche lobe, the mass transfer becomes easily unstable since the mass loss from the companion star induces the binary separation to shrink. We call this subclass "super soft sources". In these systems, the mass transfer rate is as high as 1-4×10 −7
M⊙ yr −1 (see Kahabka, van den Heuvel 1997 for a review and references therein). This value is more than 100 times higher than the typical mass transfer rate in dwarf novae (Shafter et al. 1986 ). On the contrary, if we consider the whole amount of the stellar wind flows via the L1 point under the condition that the radius of the companion star has not yet filled with its Roche lobe, the mass transfer rate is too low to trigger dwarf-novae type outbursts. Under the assumption that the wind velocity is the escape velocity, the mass transfer rate estimated to be ∼10 −11−12 M⊙/yr by using the equationṀ = 4πR2 2 ρv wind .
We finally suggest that in V364 Lib, the thin outer layer of the companion fills with its Roche lobe. Since the estimated value of the Roche radius on the companion side is about twice of the radius of a typical main-sequence F-type star, the companion is likely a sub-giant if our suggestion is correct.
Although the mass transfer rate in V364 Lib seems to be low at present, it may increase as the companion evolves and/or the orbital angular momentum decreases. Then this system may show nova eruptions repeatedly since the white dwarf is likely massive (Fujimoto 1982) . In addition, if the mass transfer becomes unstable (i.e., the transfer rate becomes close to ∼ 10 −7 M⊙/yr), the system behaves as a super soft source.
V364 Lib might eventually become a supernova via the supersoft-source phase. The duration of the post-common-envelope phase, before the system evolves to a completely semi-detached binary, is likely long, since the companion star evolves on timescales of ∼10 9 yr and the orbital angular momentum is decreasing on timescales of ∼10 8−9 yr (e.g., figure 12 in Knigge et al. 2011 ). It would not be strange that some CV-like systems having massive companions show dwarf-nova-like outbursts. Recent numerical simulations on the CV evolution suggest that some CVs having F-type donor stars enter dwarf-nova type outbursts (figures 4 and 16 in Kalomeni et al. 2016) .
Conclusions
We presented the optical photometric observations of 1SWASP J1621, BD Pav, and V364 Lib and the optical spectroscopy of V364 Lib, and investigated their properties by using the numerical modeling. Our main findings and discussion are summarized in the following descriptions.
• There are many common features in the outburst behavior and the orbital variability in 1SWASP J1621, BD Pav, and V364 Lib. They show infrequent and small-amplitude outbursts. The outburst durations are long (about a few tens of days), and slow rises in brightness are observed at an early stage. In addition, all of the three systems show prominent ellipsoidal variations in quiescence.
• In spite of the similarities in the outburst behavior, some properties in each system are somewhat different from the others. Our observations and numerical modeling suggest that 1SWASP J1621 has a very high inclination (∼90 deg) plus a faint hot spot, and these properties are similar to those in BD Pav, though it has a little lower inclination (∼75 deg).
On the other hand, V364 Lib likely has an F-type bright companion star, a massive white dwarf, and a low inclination angle.
• The characteristic low-amplitude outbursts in the three objects can be explained by a high inclination or a hot companion and inside-out outbursts.
• The almost symmetrical phase profiles with respect to the primary minima, which arise due to faint hot spots, and long intervals between outbursts, would suggest a low mass-transfer rate in 1SWASP J1621 and BD Pav. The long orbital period implies the large disk for V364 Lib. The low mass-transfer rate and/or the large disk may be related to long outburst intervals, long outburst durations, and inside-out outbursts in these three objects.
• The commonly observed, highly ionized emission lines in their outbursts would originate from the high inclinations, for 1SWASP J1621 and BD Pav, and from the massive white dwarf for V364 Lib. A disk wind may be related to the profile of these highly ionized emission lines.
• In spite of a donor star more massive than the primary white dwarf, V364 Lib shows dwarf-nova like outbursts. This implies only the thin outer layer of the donor star fills its Roche lobe in this system. This object may evolve into a recurrent nova or a super soft source.
Although the properties of the three objects are somewhat different from normal dwarf novae, (in particular, V364 Lib is different from many other dwarf novae having cool companions), our results show that the peculiar outburst behavior and the changing orbital profiles between outburst and quiescence in the three objects can be explained in terms of the disk instability model in normal dwarf novae. It is not necessary to consider strong magnetic activity and mass transfer bursts. The estimation of the mass ratio in V364 Lib has a large error, and hence, high-dispersion spectroscopy in the outburst state is important to determine it with high accuracy. We consider that the three systems recently reported by Bruch, Monard (2017); Bruch (2017) ; Golysheva et al. (2013) have properties similar to those of 1SWASP J1621, BD Pav, or V364 Lib, and our discussion is applicable to their peculiar outburst behavior. Although the total number of this kind of object may be large, it is difficult to find them due to their low-amplitude and rare outbursts. 
